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#11 2003-318668 ^- v : 1/ 

&o-c, ^ni, ^-xm&xiz^< -> ?mtm%&fe i Ffcm.a c > a b ^iir a e 

a c > a b i5 <t LK a e t& ? > a c > a b > a e OM^5:p7^i"> If 1 KjEifeO^f- n 
a C x a b isitfa e ^\ a c < a b < a e <DM%$:M£:~? , Iff aRiI 1 KifefcO^T- n 

a e -a b l/ab XlOO^O. 3 (%) OMffcfciHfci-, W*^ 1 3 Ov^-ftL^H 
[Iff 5 ] 

aeii^ab^ I ae-ab l/a b X100^0. 1 (%) Ofl^^lfct, i 

^t- n^^-y < 4 v F7> v X * # ? J. \<v9T~j yiT"* •) , a b £ £ a c 7^ I 
3b-a c l/a c XIOO^O. 3 (%) ©1^ 1 - 5 <D v^-f^^tc 

[Iff M 7 ] 

a b &£ Z/ a c #\ I a b - a c I / a c X 1 0 0 0 . 1 (%) <7>H3#£?P§*:1-, If 
[lff*^8] 

nf^/H -f - 7 F 7 > y X ? #3 U ^ ^ 7 y yif* t) , a c J3«t ^ a b t5 5 \ I 
a c -a b l/abX100^0. 3 (%) <7>IH#£it£-t\ fff*^ 1 - 3 <T)^-ftLfriZ 
IBfgO^ f- n ^£vn- -f *° - 9 Fyyy^^o 
[Iff 9 ] 

a c Jsi^a b **, I a c - a b l/ab XI 00^0. 1 (%) OH#£§|rt:-t\ Iff 
*JI 8 {HE^O^r- o^^/N'-f 7 h7>y'7;^o 
Ilff*^ 1 0 1 

^rDg^;^ h y y VTs 9if^ V9 9 T y -fWX$> V „ a b j3 £ 1/ a e 7& s \ I 

a b - a e l/a, XIOO^O. 3 (%) *>M^ Iff*^ 1 -3, 8 is XX/ 9 

1 1 ] 

abiJi^ae^, I a b - a e I / a e x 1 0 0 ^ 0 . 1 (%) OBiiiifct, Iff 
1 0 IC f£«<7) ^ 7" n 3g s- ^ *° - 7 h 7 
[SffjJfcK 1 2 1 

I n G a P/G a A s ^t- n^£-£fljffl L IS^ 1-11 O i^TftjHziSIRo^T- 

[W^gl 3] 

I nP/I nGaAs n3££-£fijffi L X:. Iff^ 1-11 m^-rfijWcKfcO^f- 
[gff*5U 4] 

i5 y li?7 £5 «t Xf%2 3-X y 9m*&Z*. *U5? * /f ( ± ^ - * Jf 

ti2x?7 **i:OWK8E£;ft, # 1 y ?ii3 < tO ! l2x^ ? ^JBJit&^^ta « 
1 iSXl/a e 2 S-eft-fn^L, a e 2 i± a e £**(&U a e 2 *> XI/ a b I a e 2 
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#SI 2 0 0 3 - 3 1 8 6 6 8 ^- V \ 2/E 

-a b l/ab X100>0. 3 {%) (nm&*ffitz-f . m^KM 1 - 3 <D *i7W;fei£ 

umm is] 

3 rt ? fjl UV? * Jf *3 «fc O*^ 2 3 1/? ?Jf (±^-*/f 

t|23V^^|tw|Sli:ttift, f(5 1 3 U? ?S*J«tO f ^2 3|/??fii^gt a c 
i £ J: a c 2 Sr^ft-Pti^U a c 2 l± a e UitlfcU a c 2 is J: if a b t!> 5 \ I a c 2 
-a b l/ab X100>0. 3 (%) OH-giSrSSfc-t-, It 1 - 3 cov>-f ft7H;f£«c 

[tt^Jg 1 6] 

a b Iii^figi:i5^tac isiCKae OHJOlt"C*S . tff^JH 1 — 1 5W^f^i^i; 
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[#C#jfrif] 
[0 0 0 1 ] 

*f§^ii^xn^^/s^^-^ h 9 * (l;iT\ HBTHf?) i:|t^ 0 

[1TfU£#T] 
[0 0 0 2] 

III- Vlj^i#|ft^H>/:Afo|^;^ tf- v h7>v^?li, lfOM* 
[0 0 0 3] 

HBTO^fflfLKI&LTIi. -e-OM«ttO|oI±«:BI-6^fc7& f «lfUS5?T*-6o HBTW 

X n %±m.M& H B Tic»£ L^:»^tc, H B T KjgH t ^^O^t^C & * £ ^ 
HBTcoM^140[n]±{i*^:+^-e{±^v^ 
[0 0 0 4] 

^Wl^SIt Ltli, A 1 GaAs/GaAs HBTOGaAs^-^iCpIK 
— /■? > h b. LT, B e UftxT— tetfjK K- fcf >^§nrt>SC#, ^-^|©G 

a & «t <7A s i <0 k®i^Sri ? 'h£W>:#>> #tcjasaiJKu K- \z> wtzm&^^-^m 

[0 0 0 5] 

ziumt tziivm^mz^^ & z tm%nztLx\<>& (mtjcmi &&me> 

Zt) o Zffyft&izxtili, ^-xm*mf$.-f2>B.T-X*$>2>G aiS-fcO^A s ICjfc^T/KT- 
v^££%K 19!)x.{f I n i fcl±S b £ K-/*> h £ LX-mm-f& Z t CJ: •) , ^ 
-xm<7>W*m*0-tZ> Z ttfX itLUJ: •) HBT<7)iitt<0|S]±^ioTi/^o 
[0 0 0 6] 

^wfot, w^¥-&tf'hz\<^®.mt ttm^^&z t i>mmztix^& £# 
mnzt) o :«oMiatnt ^-^mzmi&ir&m^x&z, g a & «t ^a s icit^r 

h <h LT^I"* *K GaifcliAs t <Dit&%iZWfiWL-t Z> Z t £MLo 

o, ^-^iwl^fttiCt^Tl, CL^iHi i) HB T<7)f§j|S1£0[n)_h£[loTv>& 

o 

[0 0 0 7] 

Sit OJtf i: J: 4d*OH B TOfilHov>t, tTF, HIM^#bs L&tfhmW1r& (iff 
1^5:^2 oni izM1-ZM1M<o : ffm*^w<ozii) o HI 7 tc^i-«t t ^*©hbt6 
0 0lCj3V>Tl±. ^IfelfttG a A s£1R6 0 10±C, i - G a A s £ tz it i - A 1 G a 
AsAy77i6 0 2, S i & V- \i > V Ltz n - G a A s ^ U ? ? m 6 0 3 , CtsXV* 
M g * K- t? y f Ltz p -G a A s ^-*JI 6 0 4 . S i £ K- tf > L n - A 1 G a 
A s £fc(in- I n G a Pi< 7^16 0 5, joiZ/S i fcSSiftJfti:: K-kf>^L£n + 
-GaAsi^ 7^ + t77'i6 0 6^ if^yt ^SIC <fc <0 fll^tlf £ tiXfiZ.18. 
?fttv>4 c n + -GaAsiv^*t77"l6 0 6« n - A 1 G a A s £ fzlt 

n-I nGaPi^ 7?i6 0 5i3J:O t, p-GaAs ^-*JB 6 0 4 &m%L K5-fxyf 
> ^* U n + -GaAsx.5-y^^-w y/f 6 0 6 <7>±i; liWS ii< 7? M 6 0 9 rt ? 
, n-GaAs3l/??Jf603 <P±K(iN i /A u G e / A u 3 V 9 ?mM6 0 7 7&*\ 
p-G a A s^-XJf 6 0 4 01CIJT i /P t/Au^-Xl|6 0 8^ti?ftM 
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ZtiX^&o C(7)HBT6 0 0(i, x< 7 9m#&&n -A 1 G a A s T- IC(± A 

1 G a A s/G a A s HBT infUTtu 5 y ? if *tf4^ n - I nGaP^^y ^®-e 
*4»^i:iiInGaP/GaAs H B T t Bf (£ ;ft,& 0 InGaP/GaAs HBT 
(i, A 1 GaAs/GaAs H B T Uit^Tf^tfr^ft < , fi*tt)5«?*v»C. t <b ;fxT 

[0 0 0 81 

[#at:£i& 1 ] 6 - 3 7 1 0 5 

2] #13 2000-323491 

H. Sugahara, *t-3£, rS^i&ft S ft*: ^ A 1 G a 
As/GaA s ^fDi^/<>f h 7 > ft ^fliUte (IMPROVED R 

ELIABILITY OF A 1 GaAs/GaAs HETER0JUNCTI0N BIPOLAR TRANSISTORS WITH A STRAIN-R 
ELAXED BASE) J , IEEE GaAs IC Symposium Technical Digest, 1 9 9 3^, p. 1 
15-118 

[*«fH s *«21 )\mW&, *i-6£, rc K-y I n G a P/G a A s HBT <D\% 

mm ,199 7 «?««i«*^^:#t«»i*, m^mmmn^, 1 9 

9 7% SA-8-1, p474-475 

[^#St^ 3 ] Sandeep R. Bahl, ^5%, [I nGaP/GaAs^f nf^A' 
-f#-9 h7>y^^<?)fitfl$ (Reliability Investigation of InGaP/GaAs He 
terojunction Bipolar Transistor) J , International Electron Devices Meeting 
Digest, 1995 p. 815-818 

[0 0 0 9] 

L^L&7& s <b, ffi.$tfrb K-/<> h LTiiltffl^ftT^&Clzflnx-T In, Sbi 
fiM g & £y>*ffc &7C§?f £ ^- x| n K - tf > ^-f £ tz (i , xtf^yt /uSS^Kr 4- 

mm Ltzmf<o&ffii*v>£ tmm-tz :ta-e*f, < 1 cn^^ipitcQciii-^ 



CCiiTIn, S b £ tzltMg&V>7tf£i K-tf > ^ Lfc^-*Jf ti. In, 

> £ JB v> S li , i7f^m?^-^X7f^ ^'fi^iJ t?[Bl^ <h & * 
(Mi-ntf, £5v>3W1££ffS - fc3&*B»-C*&fci6) , ^ y -f- > <7»jill? : £• 



i-^>Ct^< > iSHf«t£OHBT£tf«1-&^<htZ&£o 



lot^l., ^fc»$>2>T U— ^X^r^l^fflv^ibftTv^o Z(7)-tf;H±WTO^ (1) 



[0010] 



[001 1 ] 



[0012] 



mi) 




• (1) 
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5t4>> Lli^frBtW (h) . A(±5e& (h) , Ealiffitfti^^- (eV) , k ii 
^;u-y7>^i$r (|^,8. 6 1X10" 5 eV/K) , T(±SJt ( K) -T?&& 0 
*5^T, ^^B#^L(±, HBTOtei^t^f^MTTF (Mean Time To Fa i lure) 

(h) IzlifcL. SJ^TIiHBTO^^-fiJ^T j (T;) £^*tSg (K) tC&|fL£*><7> 

, HBT-Ciin tm^&^-t z_hi\Z>o *^*ffl»Hi3^T}^fi]^T j (°C 
) li, J^TOjt (2) UJ: *)Xi62> ^<Dt-r^ 0 
It2] 

Tj = Ts + RxP - • • (2) 

(IHBTICML^I* (W) (IP*>, 3^?-x<7?f|oiE Vce (V) 

i^^^mwc ic (a) t<ont) x&%> 0 

[0 0 13] 

H (± , <7)^#^T i:tHBT Off jpt£f*|£ £ L TM T T F £ SOSe L , 
liCMTTF^tt^i: , «$iliHSJSois&^5r t o tz T V- *r X -fu y hZfti 

[0 0 14] 

[0 0 15] 

#l&93#{±, HBTOlow^iJhLT, ^-X1CC^«: K- tf > Lfcj&fcBfev^T 
, 117 lC^i"M*<7)HBT 6 0 0 t m&<7>mM£&-t& I n G a P/G a A s HBT ( 
a) *fts*U i^fiHT j*«2 7 0-2 9 0 t<Oiifl« K^fl: S*T«K1£tM* 
S:ffofc 0 ^ittltiOll^li, x?7^-3U^^||iolE Vce = 3. OV, 
feiVlittS J c = 5 0 k A/ cm 2 <LLfc 0 L "C x #^ti/:MTTFOf-^ ( 
: N= 1 0) *7V-*77s^U y h LT, H/hZUfcacKJ: •) 0«it«l (a) & 

t#/co cioism^lis t;^i- 0 iSH (a) o«S*»<o*Afcflltt'fi:j.^^4 r -iiiKjO. 7 
e V-Cabofco 
[0 0 16] 

**S$ii-Cv>4 0 WxWN ^-XgtcC^ Y-Myy Ltz I n G a P/G a A s HB 
T (a) t|BliOfSi5-tt^I nGaP/GaAs HBTt5 5 \*^0. 7 e V <Dffi&it 
zc * ;u ^^f^t $*itv»S (« x (»#ff ;5tii£ 3 4- #bb«t> c fc ) 0 

[0 0 17] 

& d 1 otf)HB TO^Bi: Lt, ^iCCfiiJfMg* K - k? > L £ , HI 7 H^i" 
HBT 6 0 0 tmm<r>mi&$:G-t& I n G a P/G a A s HBT (b) <Dmm&WtMke> 

m%z*mmLxm.u (t>) zn/z *#n : tii^j:y f #ii : 5:i2o^rt 

©*$-K-e>7LfcHBT (a) <7>M (a) «tH, ^-XJfldC & £ g £ K- 
k?>7L/:HBT (b) OjftijS (b) 0(iv#±^C->7 h LTfci}, fcSfiJSKisttS 
MTTFfiifflnLTv^o ^Wi"n<i\ ^-^li:C»*^ K-t^/L^i 
^ - X « K C »n x. X M g 4 K - kf > ^ L It 15 -9 i)K HBT Of^ffjr ^tv^I 
ttft>frZ> 0 LfrL%tfb, HBT (b) Coi^t, M (b) Wfi frhlfrisb hti&t& 
mtz-*fr*?-te, HBT (a) tTOH&O. 7eVt3bD, HKtfJ & ffliilijl <b 

[0 0 18] 

tfz, ^-^mizClzmz-X I n ttzltS b 4 K-tf>^L7tHBT^ov^TtO#^14 
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?tHBT (b) tmmv>&mmbtix^z 0 mx.i£. ^-xmizc&zt/i n *■ k- tr 

> 7 Lit A IGaAs/GaAs HBTjJ», HBT (b) 0»<&fc {iJarHflU::, 
[0 0 19] 

^-^^{-Cco^^r K-fcf^Lfc I nG a P/GaAs HBT (c) 

I 5 y 9 - a Is ? 9 (BJ<7>mJEE Vce = 2. 4-2. 5 V, i3 

xvmmmm j c-60kA/cm 2 ) ini?*itv^ (^#^^2 0^4 £#bb 

<DZt) o (c) t LTia8{:#^T^i- 0 HBT (c) Til, 

i/»*v> 0 L^L&^£>. HBT (c) T?(i, *«TO*»Jt«Wfci6JC^l» LfcH B T (a 
) KJfc^T. **£j£Ki3ft*MTTF7&*if:fcLTV>*£{tT?fc<, & 2 . OeVO^i 

*#v>cfc£*i*L-c*5iK fasffiij m*>77-7ism) x<r>n^ (mttf) 

i<i*o tflxlf, S^iSSTj^2 4 0t:f*4i:|o^ (MTTF) li *tJ0 7 
eVOTOx^;H-$:ft^HBT (b) X'lt® 3 X 1 0 3 mfflX& & <D I x 
&2. OeVOfttfti^^-ittiHBT (c) Tlifc 4 X 1 0 4 WHIT?* H 
BT (b) <om\ Ofeomtiit 4oTV>4„ 
[0 0 2 0] 

*#§HJ!#{i, HBT (c) Oll(ttWR©«*S:i»HBT, #KHBT (a) <7>i#<£ 

Tv^C (^:liBe) ttxT, jtii^TC^^ K- fc? > ^ L * < X i> , Sttfti*/!^- 
^D^^CiCioT, «F*=*IS©HBTttfflfflaPUi5v»fiMtCiJtt-5HBTO* 
#*K<T?£, HBTOfe$B14^fp]±$-^^^ ta^lfefcfc* tv^M^HZ-c 
[0 0 2 1 ] 

L^L&rt ? <b. InGaP/GaAs H B T C|o tit &X i> , t<Dm^it^ * )V 
*f-<r>mm*X*>V), HBT (c) ^HBT (a) ^ HBT (b) *5 J: tf* 

frxte^ 0 

[0 0 2 2] 
[0 0 2 3] 

-vYjyV*9 (HBT) T?*oT, n^^i, ^-Xliiffx, 
^ 3c ' a b iJi^ae S-e*i?n^L, a b Jia c *3 iO'a e OK<0«T?*-6HB 
T7j*»2 $ ^*o a c t± a b *5 J: ^ a e «k<9*£<TM^<-C&J:^<L<!; HSjfe$ti7t 
v» 0 ^atnii\ a c , ab iii^ae <D±£ Ztf^nm&xmMt fc*±#JKfcifco xC> 
SdfcfcfcBfci-So fip*,, a c , abi5J:D t a«tta,>ab>a.ifclia.<a b < 

[0 0 2 4 ] 

#k ^l&W^isv^T^T-SE&a b , a c &£Tfae (i, ^Tft*>, X n kZ LXMfc 
nct#-C|4 0 HBTO«jSyn-fc^jcijtt4, ^-*JB£j£g (ft*ttK(± 

it^vt/HSfi) £ t|^C^T% (0 0 1) Mo*«±tz^-^Jit||K 

*#3o *^-^ioiiHi3 o 0 o Attic x^mt/f^M^fflv^T, 

■9->y;UC0 (0 0 4 ) lOT'7-y^ltOD7 4f>^*-7 , ^tf-2 6 * *c * > xmfe-f 
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s<-xm<D\£-?ft%.0 ^rfflv^-C, 77 y ?*<7>;£ (2 d s i n (? = n ] : 5£«K d <Af&T- 
5c&, A lilv>fcX»0*ft, nlig*^& (1, 2, 3 • • •) ) «t <0 m^-- ^/fCDfe^- 

7 -r -j 7 7"xixi@Ml (4is a B B *y7n^-^iti) , m^: : mpdissohr 

[0 0 2 5] 

^l&B^tc a c . a b iScfc^a e *HMOC*fcli#MHfc IT, 

LTa c , a b fc-fctfa e OH^£iI$JUj|i3RLTV»4o S&^J: 0 

ttft^^^^-Sr-^x^HBT^H^^n, CtWCJ:*), HBT<7)f^ (J:t)#ii:iiM 
TTF) i>mi£~rzttfX*£Z 0 M^HBT^It #Ufg;SfIik 

■*■ ti i£ nffi ffl sjs k i5 v » sjs n js v » x m L v » o 

[0 0 2 6] 

$m^Mt^^tli^v>^ *^(;J:otHBT^ t5 ? ® Zfh<F> ItllKT <DM 

!Ef3[UfS<ifi5»S* f *-5 t#x.£>ft& 0 :tii:^LT, M^ivCac , a b , a e tf> 
M«Srii^JicS^L, Ii*S^|6|«:ft5Et4;ti:J:ot, teffitijft < t) £ i& < PPx. & 

[0 0 2 7] 

^H^JCtntf, HI7 ^mmLXmmLtz^(DHBT<DX 7 ^-xJfeom 
[0 0 2 8] 

wtftnmM&ffi&xifMM-T.mzK^zm^.'tzz t£<. ^w-rn^ftM 

<7) h b t c: <h #T § & o 

[0 0 2 9] 

J: - 3 u ^ i'iH wj&^S^^i < i t - tf , *f* L < *±3Wfr**, 0. 

fi:I&$lcELfc(>OS:f o 0 Z <D X n iWt^W^ii: X <0 > fwlif 
/Jvfgl±-t£n-c&£^ tT^^KSj&^fti: ? Q 
[0 0 3 0] 

X *) JltttttlMU *5£W<DH B Ti±v»*3*9>* zz. $ v9Ty ^MisXl/zi u 9 9 T •> 

W^te^S^** (%) (fiP*>, lae-ab l/a b X100) #ft0. 3 %J^T\ U 
imtifyO. 1 %ttKi^o &W1-*U£, a.^ilfab^, la e -a b l/a b 
X 1 0 0^0. 3 (%) <OW%*mtzL, »JL<UI a e - a b l/abX100^0 
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. 1 (%) (Dm&Zffitz-fo itz, x5 7?7 7yiHBT^ xt V >7 5 Jf izift Z> 
s<-xm(Dfatt&&m (%) (BP*>, lab-ac l/a c X100) ^10. 3 %J£H 
T\ *fi L< (iJi&O. 1 %JSLT-Cab*o 3&W1-*U£\ a b is «t a c ri 5 \ la b -a c I 
/acXlOO^O. 3 (%) (nm&*mtzL, «fi L < t± I a b - a c I /a c X 1 0 
0^0. 1 (%) OHiiSlfct, 
10 0 3 1 ] 

%) (BP*>, lac-ab l/a b X10 0) «0. 3 %J£JIT\ fifi L < 0 . 1 % 
JL*TT-£& 0 J&W-f *Ui\ a c *5«t a b I a c - a b |/a b XIOO^O. 3 ( 
%) Wii^i/: U if i L < ii I a c - a b I / a b x 1 0 0 ^ 0 . 1 (%) Ofli^ 

(SP*>, lab-ae l/a,xi00)^0. 3%£IT, ffiKlillO 
. 1 %&TT-&& 0 &Wi-*U±\ abiJi^ae la b -a e |/a e XIOO^O 
. 3 (%) <7)i^$:lf: U «f £ L < ii I a b - a . I / a e X 1 0 0 ^ 0 . 1 (%) <D 

[0 0 3 2] 

0. 3 %J^T\ L < {±|^j 0 . 1 %&T t LT, M£-£"£*iJ££MHg^ 
t^I^iaot, i O^isSrfi&tt-ffci*^^-, ^x.(df^2. 0 e V^JLt, «Fi L < <± 
£j3. 0 e V&±<Vi£mt^*)l' J ?-$:5-z.2>HBTj)mm2tl&<> >-Oct9&HBT(i 

* ^ri" & SiSttoH b t $ n & o 

[0 0 3 3] 

0. 3%WT-C*0, <t L < t±&0. l%ttTi?ti5„ 3l/^77^S 

HBTOfc£\ ^-xii:Wt53l/^ J'SOl&^S^^iOfx? y ? d tittle ^ 
-^fo 0 . 3 %JUJLT"C* •) . i <9£F£ L< fi&O. 1 %JATfc 

S£ h iz&± £ -£ £ z. t tfX § £ o 
[0 0 3 4 ] 

*»Wtci$v^-C«±, ±feo«t n *»^«E^(i, &0. 3%J£n r T-0%&jgx.*:i£H 

totf^^, *^Mi*|-c<7>f;ir <bo§^£#gr-r£ ±ge<7)|&T-^^^(±^Tn 

a*W^(±*?J0. 01%-0. 3%AfiL< 1 |<)0. 0 1%~0. l%**«tl)Sf* 
[0 0 3 5] 

75s, x< 7 ^7'yyiHBTi5J:JJ ! ni/^^7 7 7 , SHBT<7)^ftlt^otk 

#f ^tif u & v > -cet^n o si jt^isfe £ mm l x , ^i&ie <r> h b t * itm-t z. t &x # & x *> 

[0 0 3 6] 

(3) TSSflAT^S- ttf*fc<b*iTi/»£ 0 

miE# 2003-3083890 



Wm 2 0 0 3 - 3 1 8 6 6 8 ^- v : 7/ 

« = « 0 x(i+ / 9x(T 1 -T 0 )) • • • (3) 

Stf, To (i^tfij^ (K) (ill, To = 3 0 0 K) , « 0 liliSSTo K&tt-S 
t&T^iSc (A) > T i UpJTTti&m (K) , «(±^f^aj^Ti lci5(t^t&T-^ (A) . p 
HWmm (K" 1 ) x&h 0 ft, ^±*«fioMi:^LTl^^it*l> 0 
[0 0 3 71 

[0 0 3 81 

y ?m ti <Dm^Z$i£ iz&) frhfc^X^X <£ v»„ >l<7)Jt£\ » 2 -i- 5 y * |W^t a 
e 2 ^ ? ±i£<0 a c > a b > a e £ tzli a c < a b < a e WfliCf -? f&T-^lfc a e tLt 
f^ffi £ ft & o SP a c ^ ab fei^'ae 2 7) ? a c >ab >a e 2 i^liac <ab <a 
e 2 <7)P*91££$9 7^ 0 |2x^ y ?m<VfeT-7zWna e 2 liA-^i^^tab titm 
M±£ < Tti-Cv^-C J: < , a e 2 iJi^ab la e2 -ab |/a b X100>0. 
3 (%) <7)M$!%Mfz Lti^o Hfe^-, llxvy^i^^tae i ii^-^Jfofg- 
T-^lfca b tci5< TJ: < , llzSy ^-XJf^OP^f&^^^fi, fljx.(f 0 
. 1 %i^T-C^) f)#^>o ft, a e i (±a b <tH«im^L<, Sv^cf&xp^ LT ^X i> 

[0 0 3 91 

fi^O— &tfj&HBT-Ci±. x^ *Jf(i^-*/f tf&T-^U x; •y^iisj;^ 
-^^O^^m^Mfi^JtClBji:^^^ J: t t-fMt$tLTV^ 0 L^L^^ib, a c >a 
b > a e t/zli a c < a b < a e OP^^ £tg/ii-£:A6. ^ 5 y ^mim/^-^m^^ 

> K^> -y -f-h^t> V , i< ? -^-^p^i;i5^T0fM<7)/<> Kf#ii^l#<bft-f\ H B 
T<7)#tt^t£*g < d *H#& 0 -7 ?-^-*<7m> Kftii^'fl:^ HBT 

[0 0 4 01 

i2x5 7 ^i^^ia e 2 £^-*Jf <0f£T-7El$:a b CWLt/^l <M£-t!r& «fc 9 
[0 0 4 1 1 

=1 Is ? ?m t<Dffllz : &i£ti2>) *»«bJ5Sto-Cv»T<> iv» 0 £<OJ&£\ J&2 3 ?jf ©f&T- 
£ifca c 2 75 ? ±j$<7)a c >a b > a e ££iia c < a b < a e WCf^TOta c 
t LT^ffi£ft-?>o EP*>. a c 2 . a b i5 <£ tFa e 75 ? a c 2 > a b > a e i 7t(i a c 2 < 
a b < a e tf>H^&$tfc1- 0 ^2 3 V? * Jf <Df&T-^tfc a c 2 (±^-*/f Of&^^gfc a b 
tjt^fi^^ <-T^TV^TJ: < , a. liitTabli, la C 2-a b |/a b xi00 
>0. 3 (%) <50»^«rSS^LT«tv»o ffe^"x m 1 xr ^iOf^ta c 1 l±^-^ 
^^t&T-^^Ca b l~i£< t i < > ll^U? ?/f t^-XJliOP^cD^^^^rjj, ^ij 

ttilE#2 003-3083890 



mm 2 0 0 3 -3 1 8 6 6 8 ^- V \ 8/ 

xJJTO. 1 %\XTX-b*)nh 0 a c i i±a b fcHSWU^K, S^Cft^LT 

*rftm<r>^y K»it (J: u ^ ^-^-xhw/O K^^- /) 7H#<bn&J: 

[0 0 4 2] 

[0 0 4 3 ] 

[0 0 4 4 ] 

*f£93<aH BTIi, Wxtflll- V^^ tzl*n-Vim<F>HBTX-$>y)&Z> 0 III-VSlH 
BTtCti, In, GaiiJ:U f AliW^<t4ltOIII^7C3Kt, P, As, Sb 
fcJtfNfciro^fc < t i> 1 ffi<7)V^7C*t £^tr***4^7& ? Jf§v>£>;h.£o ffilxlf, I nG 
a P/G a A s^ngs^, InP/InGaA s ^ n«^4 t 'Srfljffl L fclll- VSl 
HBT-C*»)^l»o II-VlSHBTCIi, Z n & if < t i> 1 M<7>IL6S£7C3$f t , Se 

[0 0 4 5 ] 

ft, ^f£M5tif Uisv^-C^flfb^Tv^ «t o HBTi:i5t>T, x>^fM-^ 
[0 0 4 6] 

ifc, W^HBTIi, n p nM&itKp n pSW^fmott «t v\, 
[l§B^^^J*] 
[0 0 4 7 ] 

a c > abiiO'ae ^li^CHRt^ItCil), «fc »);*:§ fci&ttfl;^* 
mSHBT^5?n4, zni^ZXn, HBT^ («fc *)iMffl(C(iMTTF) 
ifcO H B T (I it^xm l£-r Z t rfX # £ o 

[0 0 4 8] 

mrnvm 1 ) 

*HSfe^f±, i57^777"a©InGaP/GaAs H B T £ «fc tf-t^Hfi^ffi 
CHtSo Hll (a) - (c) l±, $*l»HBT100O^fe^, «S^|6j4: 
# trfcEB&Br M £ L T |£B;1 1" & Mil "C * & o 
[0 0 4 9] 

[HI (c) C^tJ:^:, ^Ifi^HBTlOOti, ItllOl (#*fe£it£G a A 
smU, I^OO^m) <D±H, A'7 7 7|10 2 (i-GaAsi, H$ #J 2 

5 0 nm) , t7nl/ni 10 3 (n-GaAsi, S i K-k'>7\ hstJ^ 

^5 X 1 0 1 8 cm -3 , £ ^J500nm) , 3P7?fl04 ( n - G a A s Jf 
, S i K-k°>^\ K-/OMf &2 x 1 0 1 6 c m" 3 , W-Z i^OOnm) , 
^-^110 5 (p-GaAsi, CK-^7\ h'-'<> hWkBt (CitJg) (±f£i£1-& 
J: "9 I?£ |f)8 0nm) > x?77il0 6 (n- I n, G a i - y Pi ( 

tHIE# 2003-3083890 



mm 2 0 0 3 - 3 1 8 6 6 8 ^- V : 9/ 

ylilki£-tZ>£7^M1R'tZ>) > Si K-fc°>?\ K-^°> Mtj^ l^xio 1 7 cm 
" 3 ,J¥$ fe25nm) , 3>^?H107 (n-GaAsl, S i K - fc? > K 
> b jftJS 5X1 O 1 7 cm -3 , P $ ft 5 0 n m) > 7 \s 4 T < y Kg 10 8 (n 
- I n x Gai - x As® ( x = 0 — 0 . 5. flM#fiJKffc* IZ X 75 ? Mt1-&) , S i K 
K-/r/FiS ft 1 x l 0 1 9 c m" 3 , m £ ft50nm),i5J:^t 
•^110 9 ( n - I n z G a i - z A s S ( z = 0 . 5 ) » S i K — tf > ?\ b'-'<> 
b-mm ft 1 X 1 0 1 9 c m - 3 , WZ ft5 0 nm) tim&.mm ZfttlM&Z&iT 2> Q 
•1OHBT100 iiiSV^T, HI (c ) t-^i"ct n iz, 5 y 1 1 0 (WN/P t 

/Ti/Pt/AuifcliWS i/Pt/Ti/Pt/Au, £#J5£ ft 3 0 0 nm) 
^fy^il 0 9<7)±i:, ^-Xfil 1 1 (Pt/Ti/Pt/Au, ^ftf? ft 
2 0 0 n m) t) ? ^ 5 y *g 1 0 6 <7)_LtC, 112 (A u G e /N i /A u , 

^foW-Z ft2 15nm) i)^ 7* u V ? 9 g 1 0 3 <D±.kz-£ti*?iM&&L £ tlX v>£ 0 
[0 0 5 0] 

ft. ^ifeJfcSHlfc^-CliJ^ '^110 6 0l?££ft2 5nmt L/c^\ Ztlii, J- 
5^110 6 <DmZ&±£ < ft&tcoftT, fSteffc-x-^/nF-E a ^>h£ < ft£-I tif 
^ifflSft i^7?il06 <7)J?££ 3 0 n m^MlzIr 2> Z tmit Lv^C t IZX 

o 

[0 0 5 1 1 

WT> :<0<t T BT 1 0 0 ^It^M^PItSo i1\ HI (a) *#bbl 
1 0 1 <7>_hK, /<7 7r|10 2, "9-7*nl'**«103, nl/^^fi 04, 
10 5, x> 7 ^|i06> 3>^M1 07, -f -r y Kg 1 0 8 is X 

^t'^110 9^, #iJx(£MOC VDft (*r«&«fl:^3Cffij£gS0 , MB Eft (ft 

v * tc J: 19 je^m i" & o 

[0 0 5 2] 

Z<D X n ft^fcf 9 * ytWi: «t ^IMli, flflxHf, GaAsi^CliTEG 
(F'JxWJ-JA) tAsH 3 (7^v>) InG a Pl^CliTEG, T 
MIn ( h 'J >f ^'f >y^A) J3«fc CFP H 3 (7 7 ^ >) InGaA sl^l 

^CliTEG, TM I n&XXfh s H 3 ^-etif n^^Cfflv>tiifll.o ffi> A 
s H 3 (Dfrt> IJCTBA - 'J — • 7*-f-;U • 7 * 7, 7 4 >) £fflV»T & J: V> 0 jljnx. 

f^-r^*f^^(±. 1?!l£fi\ TMG (h^f^^'J^A) £ K- £>ytf®-t Ltfflt^ 
*dfcri*-C#* 0 ifc, $i!Bii:i3V^nIK-A> hi:LTS i£K-tf>^LT 
v^?5 ? , S i K-7*WSr^fiEi-4J»^tc{i, 0flx.»;jrs i H 4 (ty->9>) is XV 1 / it: 
US 12 He ft if* K-e>^Wfl-fc Ltlv^:t#t^ 0 S i 

<7)flfc(C , 00 x. tf S n , S e * £ (4 T e ft if £ n M K-/< > h t LX K- tf > tf LX i> X < 
, iW^KIi, TESn ( h U-x-f-fl^X) « DESe (yxf^-tl/^) « DETe 
(i'if^ffl'*') fciffc-e-tt-Pft K- tf > ^tffl-fcfflv** C ttfX& & 0 WMif^&X 
V s K - tf > ri" £ tf K- tf > ^*t#<7)?j{tiJtft <b u a. tf * * > * ^J&fB£Ml*i 0 

E^isiofaft^Ji, s*#-e*ntir, fcfc-t^&m xv k- tf 

[0 0 5 3] 

y>±Oct -9 U LX&t>titzffimi£<7>* -V y 1 0 9 O^rBtc, i^'^^t 
TMt ft 71 1 1 0 a (WNiifcliWSii, felOOnm) 

^'J >^{z«t fjf^i-^o fit, 7 * h h-^7s ^ (H^-tir-T) J^'JTfl 1 0 

aW±CML, R I E^(D 4 f-y 7\zX l)/<U 71 1 1 0 a^i7f >7L, 
HI 1 ( a ) KTK-t «t d tC, m 1 //mXf? 20// m<7)7C# § tC/s'j rf 110a 
&o fflW;7* h UvT. ^(4. -eof^, 1^*1" * 0 

[0 0 5 4] 

Hll (b) *#JHLr, ±lE^>«t 9 71 1 1 0 a t L 

ttSE# 2003-3083890 



#H 2003-318668 



^-v: 10/ 



t\ 7^1 1 0 9, 7U-ff>f / KJB 1 0 8i3J:f/n>^ 7 Ml 0 7Hx-; hi 
[0 0 5 51 

fit, x? -y ^m@Miii^iBJ:LK^-^mSfl : M^^I^<ifai±M{C^vX h-7 
*7 (H^-tir-T) £3fcJ&U Pt, Ti, P t isitfA u £s£«HJ: •) Jfi^ttfM* S -t*\ 
<7>f£> 7 £m3;-fZ> Z. t tz «t 19 (^fttil^ 'J7Ft7fei:J:i)) , @1 (b) iz 
Tfr-f X n /<'J 711 10a <7>^:ffii3 J: 5^1106 o^f^o^JSJiU, x^-y 
*mffi±8B* 1 1 0 b jsi^-^S^z ill (Pt/Ti/Pt/Au, v»-r*L*>J?$ 

HOaUv; **«±M 110b rt* St® $ ft T , x< 7?iil 1 0 &f»j£i-* 

o 

[0 0 5 6] 

HI (c) &#BB.LT, X^'7 ^mfel 1 0*i^-Xlil 1 1 ^loT7 
* h 1/yX h^^^ (H/j^rf) HML, x?^|i06, ^-Xf 1 0 5i3«tJ/n 
U??mi 04 W^P^i 1 0 3^ItBt^^-e7X7 Fx 7 f>7*i:J; <9 3K55"lft 

[0 0 5 7] 

fit, iwi c < 7 ht7fti:j: mi ( c ) (c^i-ct $ u ? ?jb 1 o 3 

03f5cOf«±C, 3 1/i^^Stl l 2 (AuGe/Ni/Au, HWI? &10 
0 n m, ft 1 5 n miScfcO^ 1 0 0 n m) Bttio * Lt, 

fttitCJ: »K ni/^^lii i 2£«fcO f ^-*m^l 1 1 o^ffc&s&tr n o ^ft 
J: »k 3 1/^^111 1 2 fct7"3U^| 103tO*-?7 *«ftl55& s 5itfc$ft& 
l l l <D&&itm&x-* 77110 6 £2££J£ttT, ^-xfg l l l 
t^-^m 1 0 5 t <0*- 5 y f&f&tm&Ztl&o 
[ 0 0 5 8 ] 

^v? 9 **t-x-v + >ri&t$L*m<m&±.mz\sv* hv7>^^ML, tr^ 

U??mi 0 3*f>A-777| 1 0 2^8fflt4tt7X7 hi-7^>7*£firv^ HI ( 

'I) o 

[0 0 5 9] 

^fti;J:i9, HI (c) i:^t$iiIItDHBT 1 0 0tfft9kZti& o 
[0 0 6 0] 

-<?)HBT 10 0 ICjo^T. ^-Xf 1 0 5-C&£ p -G a A s Jf 4«0 C iftjg ( K— 
> h SIJK) > & «fc iT-i. 5 7^11 06 -C* &n-In y Gai- y P « O&SJt y f±> 
U??mi 04 Ol&^ia c^-71105 <7>f&T-;e£$: a b > & X IT*. < v 9 Jf 1 0 
6 Ot&T-^^a e a c > a b > a e OM«Sfc(± a c < a b < a e <?) HtH£ £ if £: i~ i 

3 IzmWlZMIR-t&Z. ttfX^Zx, 

[ 0 0 6 1 ] 

*HMff^^i5V>T(±, nU7^il 0 4 "C&&G a A siO#ft*P9-i: LT a c £ 
— Loo, ft 1 H^i-«t 9 ^-*Jf 1 0 p -G a A s «+OC»j££ft 

4 x 1 0 1 9 cm -3 1 X 1 0 2 0 c m" 3 t LT a b coiMZmitZ^t (1212 £ 
#BBLTf&i£-r£) , #>o, x?77ll0 6"C*£ n- I n y G a i - y P Jf <7)7l H B H Jt 
y£ft0. 4 4-0. 5 2 0iiT*tfl:$«;i:i:J: a e $:tft$-frt, t^W 
HBT^SUco 

[0 0 6 2] 



mtE# 2003-3083890 



mm 2003-318668 



^-v: 11/ 



imi] 







No. 


GaAs 


In Ga -i . .P 


C;tJt(cm-3) 


y 


1 


4 x 10 19 


0.44 


2 


4X 10 19 


0.46 


3 


4X1013 


0.49 


4 


4x 10 19 


0.52 


5 


1 x 10 20 


0.44 


6 


1 x 10 20 


0.46 


7 


1 x 10 29 


0.49 



[0 0 6 3] 

S> GaA s/fOf&^mtiCMJ^jSK % & Iz-oftX'l^ < & & d t £> tiT 

fll^ot^a^iS (S2 0-3 0t) ^TilJj^L, Cst^h^^M^^M 

f±, />K-^GaAsi0^tao t . C*K-t?>/Lfcp-GaAsiOft 
i^lfca i (ai - ao) /a o X10 6 £: LT^-x. »b;K& 0 J y K-7° 

0 G a A s 1 Wl&f^t a o liliSg T o ( 3 0 0 K =%) 2 7 *C) iZT%) 5 . 6 5 4 A 

[0 0 6 4 ] 

±f£cDJ: d (I L-C#f)ti^$^lf|^HBT(:ov>t, ^TO^Ol^M £ 
&<n^&<DM lz T±i£ L C^^TX ^ EI #f *• ffl *6 rUJ^ £ (4 L fc» 
T-^ifca c , a b *5 <£ a e £*2 H^-f 0 I2<7)^ililia (#7 2 0 - 3 0"C) \z 

(±m<Dj*: (3) Sr#BB<7)Ci:) „ i/;. 3g£-fijgT j £9 OtfcteL, (3 
) W^iSgTi C ft ALT, 9 0"C<O«£-iagT j »C*tt*»^-3c» « £fE 2 Oiig 
STo KJsltS&te^&a o i:ov>TtaiL/:o IS*^^3C/Tto ft, £ W\ GaA 
sitlJIH. 86X10" 6 K" 1 , InGaPi"C-lift5. 0 X 1 0" 6 K" 1 X*$> 

h 0 ^2^j;^3 4 , > ^ ^m^n-fh^-^m^^-T^^m (bp*>> i a b - 
a c i / a c x i o o (%) ) t.^-^mizM-r^^^y^m^m^^mi^-h, 

1 a e - a b I / a b x 1 0 0 (%) ) Z-Ztifti a b «fc a e t-ftfB LT ( ) 

[0 0 6 5] 



mSE#2 003-3083890 



mm 2003-318668 



^■-y: 12/ 



fe : ? : ;t&(^;a:20~30°C < «^W(3li27°C) 



No. 


GaAs 


GaAs 


In y Ga-| _ y P 


a c (A) 


a b (A) 


a e (A) 


1 


5.654 


5.650 (0.07%) 


5.635 (0.27%) 


2 


5.654 


5.650 (0.07%) 


5.645 (0.09%) 


3 


5.654 


5.650 (0.07%) 


5.654 (0.07%) 


4 


5.654 


5.650 (0.07%) 


5.670 (0.35%) 


5 


5.654 


5.648 (0.11%) 


5.635 (0.23%) 


6 


5.654 


5.648 (0.11%) 


5.644 (0.07%) 


7 


5.654 


5.648 (0.11%) 


5.654 (0.11%) 


[0 0 6 6] 
IST5£&(&£;-gj£:90 0 C) 


No. 


GaAs 


GaAs 


In y Ga-j — y P 


a c (A) 


a b <A) 


a e (A) 


1 


5.656 


5.652 (0.07%) 


5.637 (0.27%) 


2 


5.656 


5.652 (0.07%) 


5.647 (0.09%) 


3 


5.656 


5.652 (0.07%) 


5.656 (0.07%) 


4 


5.656 


5.652 (0.07%) 


5.672 (0.35%) 


5 


5.656 


5.650 (0.11%) 


5.637 (0.23%) 


6 


5.656 


5.650 (0.11%) 


5.646 (0.07%) 


7 


5.656 


5.650 (0.11%) 


5.656 (0.11%) 



[0 0 6 7] 

i^7^-^^|oiE Vce = 3. OV, HXZ/m^m. Jc = 100kA/ 

cm 2 tu mm&m (v-^-xitm^um t Lxn*mtz*tx, -g-n-r 

[0 0 6 81 

%hiXtzm%k$:T \s=-<^ *-7u y h Lxntz&UBT \,z-3^X<DmmW.%k*mz (a) 

miiE#2 003-3083890 



Wm 2003-318668 



^-v: 13/ 



teXZ? (b) CTF-to El 3 (a) (±, *>7>No. 1-4 (G a As^-Xf^CII 
&4 x 1 0 1 9 cm -3 <r>m&) lZ-o\,*X<D®MM$iZ7ik-fi><DX*$>t), M3 (b) (± 
, t^^No. 5-7 ( G a A s ^- *H if C itJ^ ft 1 X 1 0 2 0 c m" 3 <7) 

[0 0 6 9] 
1^4] 



No. 


Ea(eV) 


1 


2.2 


2 


3.2 


3 


1.1 


4 


0.9 


5 


2.0 


6 


3.0 


7 


0.7 



[0 0 7 01 

^2 is X 0*3 U*5V»-C\ -f^T^N o . t>^No. 1> 2 

, 5i5<tLK6<7)HBT^i3V^r a e >a b >a • 0|»^ifc$nti5^ Ztibli&ft 
WOH10|{:titS o iflKitLT, t>^No. 3, 4*5«ty f 7<7)HBT(±Jt^ 

[0 0 7 1 ] 

&2-4frh. a c > a b > a e (Dmi&£ffitz-f t £ (t^^No. 1, 2, 5 £> £ 
£>'6^) liEaiU^iv^tiWo a c >a b >a e (OMi&iMfzLX^^X 
i>. a e tfa b blit^X^Z < tE atf^Z < %ZM&}tf%t>tl& > ~f )V 

No. 1 2i3«tO y 5 t 6 **rtil:tiitm<DZt) i> <D<D^ #f £ L < l±. ^-*H Ktf-T 

6 2. OeVttlWEa^iiH'i, f&SlPJJ-CO#ffr (MTTF) 

tf&ZttmmZtitlo t^^No. 2£5j:0 f 6<0*;§'£-, 3. OeVJiJLhOEa 

t a»<b, -^-^guit-rsi? ^got&T-^^^^^-jo. 1 % jar-cab 

[0 0 7 2] 

aeOttffltt?, a b ^-d^H^-f^^N o. 1 t -5 £ «fc £K 2 6 
. 5£ £0*6 i ij i> E art ? J: < iotv»fc„ d*Ui, a 1/ * ^JtKtti-*^- xf 

<> i fcft 0 . 3 %WTT*ab^«i L < . 0 . 1 %V\TXhZ><D 

[0 0 7 3] 

t^^No. 2i3J:^6cOHBTH^v^T(i3. 0 e VIUO^I ftffittfti*^* 
-E a tmhtifzo ZtihHBT<7)m&&m.T j = 2 3 0 ttOM T T F li^r ti^tifo 1 
5 0JTOi^l 30^B (m^-tir-f) X&itZo BtJpOHBTonftiflS^ffi 

tBIE# 2003-3083890 



#$f 2003-318668 



^-v! 14/ 



ttft^^^^r-Sr^Ti-^HBT (c) Wt^fiST j = 2 3 OtfOMTTFIi^ 1 2^? 
B#M"C*«9 (m8V>fc&L (c) *#BB.OClt) , M^tt^mstt^iim^^HM^ 

T*(iHBT (c) <7) 1 0 0f&^±<7>MTTF7& ? t#<b*i£C t^B^ilfco 
[ 0 0 7 4 ] 

&_h, MiaJsi^S^-ajSPT j tc&tt^l&T-TEika c , ab, a e (isiCK^g 

#14Ko^-c&^it-r&o _t^<7)^: (3) i^iiSftiiii:, ft^JgSUifflftu/L* 

&tt&V>U&fcftte.i7jz-tM&L*m4 izm-fo (a) liGaAsi (/> 

iV? (O^TeM. (a c ) , (b) (iC K-7G aAsi (CIg 

4 X 1 0 1 9 cm -3 , ^-XH) <7>f§T-£!k (a b ) , M (c ) (i I n y G a i - y 
Pi (y = 0. 46, v9M) (Otett®. (a e ) T?** 0 ifc, Jt«OTt*tC, it 
& ( d ) tLtIn y Gai- y Pi ( y = 0 . 48, x?^|) ^t&T-^ ( a e ) 

[ 0 0 7 5 ] 

ittlftja) -(c) frhmmZftZ X n $Ii»t>^No. 2WHBTT* 
(i, Hl^-r^^jK^HUiSV^r a c >a b >a e <7>|J||# „ ioT, «fc 

raff Sg14<7) H B T *qtH £ ft -5 o 
[0 0 7 6] 

t>^No. 2 OHBT^ioV^Tii:^ (c) OIn y Gai- y P| (y = 0 
. 4 6) Kftx.T, ifiigg (d) OIn y Gai- y P/f ( y = 0 . 48) ^fflv^HB T 

i:o^-ctftt4o i 2 o*c*»oajsiEH"eiifi* (b) io^ii:^ (d) 

<7>^T7) ? ±^tCjS:M U a c > a b , a b < a e <>: & 19 , ac>a b >a e OH3^£$§££ 
fcv> 0 L^Lfc**^ 12 0TCJa±^)£Iiifl±, j&# (b) iHit^ (d) 
TJCfitU a c > a b > a . OMi?:l/:t 0 «<£i&j£T j 7& s 1 2 orJJJLh 

■C-*5HBTi:iJi»ri±, <£ rafgJRtt^W <b ft Z> 0 

[0 0 7 7] 

^Ta c >a b >a e ©Wff«:ifct «t 9 U#fl9j7&**ife$ftf#*o WxJf, HBTO^ 
®0tR = 6 3 1^^ ^-^5 y ^WOSEE Vce = 3V, n^^It Ic 

= 3 0 0mA«M, g^fil T j = ft8 0tt*S«-C, < <h i> Z <D&m Ms 

[ 0 0 7 8 ] 

mmm 2 ) 

#*ifcJBS8l±, x- 7 n7^InP/InGaAs HBTjoJ: L^'-f'OS^ia^'vS 
KHtio [115(2, *^^^I g .<7)H B T 4 0 0 <7)mm&Bffffi[l-e*^o 
[0 0 7 9] 

_H 5 IZTji-fX n $Hiff.(?)HBT 4 0 0li, £&4 0 1 I n 

f^6 2 5^m) <7)_htc, t7'3l/^j'i4 0 2 (n-InwGai- w Asg(w = 
0. 5 3) , Si h'-'*> hWkS. &5X10 1 8 cm" 3 , )?§ ^4 0 

Onm) , 3k^^i4 0 3 (i-In y Gai- y Asl (y Ji^JEi"* «t 5 i:I«t 
<&) > T > K- t: ft 3 o 0 nm) , ^-Xf 4 0 4 ( p — I n x G a i - x 

A si _(x(±f£i$1-£ «t 9 IZMtii-tZ) , CK-kf>^\ K-a°> fijlXlO 1 
9 c m" 3 , JP£ ^50nm) , x?-^14 0 5 ( n — I nPi, Si K-fcf^r, 
K-^O hjiJ^ 1^3X10' 7 c m~ 3 , m$ ft 2 5 nm) , 3 > ? ? j, jg 4 0 6 ( 
n-I nPf, S i K-f>^\ ft 2 x 1 0 1 9 c m" 3 , J?£ ft 2 

Onm) , * ^ y ^Jf 407 (n-I n 2 Gai - 2 Asi (z = 0. 53), S i K — 
fc? > K-/< > h mm ft 3 X 1 0 1 9 c m" 3 , W $ ft l 0 0 n m) ^IR^m $ 

mSE#2 003-3083890 
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iltzm&Z^-f&o iOHBT 4 0 0t*V»T, H5 Utf1-<£ 7 »I, J. < y ?m@4 0 8 
„ ^-^114 0 9 is J: Of n * ?mH4 1 0 (v»-f*L<> T i / P t /A u , -irti^rtim 
$ gj50nnuft50n mis J: lOOnm^^ 0~i;-£#J»£ ^ 2 0 0 n m) 7& s -e 
tl-t'tl^A' y -fm 4 0 7, ^-X/i 4 0 4 & <£ O^^'n V 9 9M 4 0 2 0_tHffM£*lT 

[0 0 8 0] 

*W1«HBT 4 0 0(4, mm%X~&tllZ\ Wilt:r^L/:HBT100 
[0 0 8 1 ] 

:«HBT 4 0 0 Ui3V>T, n U ? *Jg 4 0 3 I n y G a i - y A sm^M^mit 

y ^-XJf 4 0 4 I n x G a i - x A s <7>7& B B H Jt x (4 , 3P??f4 0 3 £>f& 

^Slfca c , ^-Xlf 4 0 4 (D^^-^M. a b , ^iO'x^ 7?i4 0 5«|^ta e # ? 
, a c > a b > a e ?>Mf&*fc<i a c < a b < a e OBftilfctii 
CI <h 7& S "C # & 0 
[0 0 8 2 ] 

**Jfeff^^*3V>T(±, x; 7 ^|4 0 5t-*4 I n PfOM$-|^-t LTa • t — 
Loo, ^ 5 tc^i" <£ ^-Xf4 0 4 I n x G a i - x A s Ji^ifcl&Jt 

x£&0. 5 2ifcl4&0. 5 4 t Uat Wi^ffc?*, jj^, 3l/?^S4 0 3"C 
*4In y Gai-,AsS«ilj|Jty*ft0. 4 8-0. 5 6 0«H"efE'ffcS* & C £ 

[0 0 8 3 ] 
[ft 5] 





In y Ga-| _ y As 


In x Ga-| — x As 


No. 


y 


X 


8 


0.53 


0.52 


9 


0.51 


0.52 


10 


0.48 


0.52 


11 


0.56 


0.54 


12 


0.55 


0.54 


13 


0.53 


0.54 



[0 0 8 4 ] 

±IE<7) ioCLTlf^n^ H B T i:o v^t , IIIIUMIi:, X&m 

6 Wfe^SEStJi^S (^2 0-3 CC) Ki*3lt&te-C£>lK I*SHTo = £j 2 710^43 
tt^te^Sc&a o U^LtiL5iiv> (_hi£c05£ (3) *#Bgoifc) o ifc, m& 

sst j 4- 1 5 ortis^u mmmmi tm&tt (3) kj: «k 15 or^si 

(4, I n G a A sJfT-(4£j 5 . 69X1 0" 6 K" 1 , I nP|7lift4. 75X10" 
6 K" 1 X~<h&o 
[0 0 8 5] 
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IfE6] 



*&&KW.U: 20- 30°C, ttaKHCI*27°C) 



No. 


InyGa-| _ y As 


In x Ga-| _ x As 


InP 


a c (A) 


a b (A) 


a e (A) 


8 


5.869 


5.863 (0.10%) 


5.869 (0.10%) 


9 


5.858 


5.863 (0.09%) 


5.869 (0.10%) 


10 


5.847 


5.863 (0.27%) 


5.869 (0.10%) 


11 


5.882 


5.873 (0.15%) 


5.869 (0.07%) 


12 


5.878 


5.873 (0.09%) 


5.869 (0.07%) 


13 


5.869 


5.873 (0.07%) 


5.869 (0.07%) 


[0 0 8 6] 

te^5£3&<f££;gJt:150 o C) 


No. 


In y Ga-| _ y As 


In x Ga-| _ x As 


InP 


a c (A) 


a b (A) 


a e (A) 


8 


5.873 


5.867 (0.10%) 


5.872 (0.09%) 


9 


5.862 


5.867 (0.09%) 


5.872 (0.09%) 


10 


5.851 


5.867 (0.27%) 


5.872 (0.09%) 


11 


5.886 


5.877 (0.15%) 


5.872 (0.09%) 


12 


5.882 


5.877 (0.09%) 


5.872 (0.09%) 


13 


5.873 


5.877 (0.07%) 


5.872 (0.09%) 



[0 0 8 71 

&±Tf (b) tc^-r o m6 (a) fi. t>^No. 8-10 (InxGai-xAs^ 
-^I^HHJt x =$}0. 5 2<Dt%&) l t z-o\,^XcommW.U^7r:iri>(DX$) <0 , El 6 (b 
) (±. 4ty?)VN o. 11-13 (In x Gai-xA s ^- * Jf <7>7l B e H lt x =m 0 . 5 
4<7>i§£-) ^o^TOHI^fit^^^-r i><DX&2> 0 ttz, z\*lhm.j&frhl&tbtz&\lB T 
O^ftJ^U^-E a ^^8 tC^-r o 
[0 0 8 81 
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[*8] 



%jjjbX*JMf- Ea 



No. 


Ea(eV) 


8 


0.8 


9 


3.1 


10 


2.0 


11 


2.1 


12 


3.2 


13 


0.9 



[0 0 8 9] 

iGiSi^TCiJ^t, t>7"^No. 8-13©HBTWH, t>^No. 9 & 
XXfl 0<7)HBTCi3^-Ca c < a b < a e $ ;fxT£; ») , -»f >7°;i^N 

o. 1 liSXXFl 20HBTCi>^Ta c >a b >a e ©IW«^»fc $tLT*3 "9 , 
fi*l§^<7)^ii0!ltc|t^i-^ o cmi^LT, -9- > 7;HST o . 8£>i<^l 3 OHTBiiJt 

[0 0 9 0] 

^6-8^t>. a c <ab <a e wr^JItttl (t>/^No. 9 & i £K 1 0 O 
£fc{± a c > a b > a e OHftSrifcti: § (t>^No. 1 1 Jo «fc Zf 1 2 Oit 
^) KE art* J: t)*|vct^4 fl a c < a b < a • LT v>T . a c 

b KJt^T/hS < & I? -t-r* t E a < & &flgfp]7!> ? Ji, *l£ (t>^No. 9 

t 1 0 *KM<DCt) o ifc, a c >ab>a e ««/:UwC^ a c a b K 
Jt^T^ < 4l)tr4fcE a**/|N$ < te&ffifatf&htlZ (fyy^No. 11 £12 

J^-X|©HWi^$^0. 3%JilT<7>££ (t>^No. 9. 10, llioiCK 
12W) 2. OeVtoEam:^ 5 !, &SffllT*<0#ffr (MTTF) ^ 

E a htifzZ. bfrb ^ a 1^* ^gCWt^^-Xio^l^o. 1%MTT 
[0 0 9 1 ] 

L < , I-J0. 1 %mTT&£O^J; *)$f£ Lv^ 0 
[0 0 9 2] 

££ft-f\ «*<oefc^ri*fc£:M§& ^f§^<7> H BTIi, a c >a b > a e OH 
^i^'iac < a b < a e tf>H#£»irt:1-fig <9 „ ttitOii^^«ii^^r LT «fc < % ffi^O 

[0 0 9 3] 

f*«£ftT. j. 5 y 9Mff^ V ir Xf-^ — ^M «fc <9 *>«tc*tLT_tffi!IKf£M1-£ 

, x> 7 ?77yi(OHBTi:ov^L/: 0 L^L, i *Ui|£5e $ ft-f. * 

tii:x?'^|, ^-*>f isi^:? l^? */f T^litiffJf £ftT, =J *JSt&*.x 5 ? 
Si3 J: 0 &aMRfc*tL-T±flKffi«-*-*, ^b^^T'yyiOHBTi:^ 

•y ^Stc*ti-^^-xSo*&^g^o^i< £ jfi L< UMUtf, 0. 3% 
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^-v: is/ 



JSlT\ L < (i 0. l%J^Tt£ti&o 
[0 0 9 4 J 

v > ^HBTCo^ti^L^:^ x? 7 ?Jf joi £/xr 1/ ? ^iC7 K/*> K^> y 

^iCInGaPi^^ffl^TUK cof&T-^ifcOM'f&T^ a c >a b 

> a e <r>m&Zfzli. a c < a b < a e <7)P*m£#§£1- i n UltSctt-?. - <t K <fc 0 , H 

b t (F>n mmmt £ m * - 1 a ? -c- £ & „ 

[0 0 9 5J 
[0 0 9 6] 

mmmm 3 ) 

&o *tlfi<OHBTI±, [HI (c) OHBT 1 0 0 £#BS.LT, x57^1106^ 
, ^i-^m 1 0 5<7>_hK:fft/f Ztlfzm U5^il06a (n - I n , Gai - y PI 

(y = 0. 4 6) > Si K-/n-> h ft 5 x 1 0 1 7 c m" 3 , J¥£ 

It2 5 nm) Ilxv^|i06a <D±.lzmm £ 2 J. 5 ^il06b ( n 

- I n y • G a i - y • P « ( y ' = 0 . 4 3), S i K-t'>7, K-'O h *JK & 
5X10 1 7 cm"M?? Itj25nm) W^M$W*^^tHBT lOOt 
IWofffj&Sr^-f&o 3|c^ifc^SgHi5V»-CJ±, 1 0 5t?*4 p - G a A sJ»*0 

Clf(±^ixi 0 2 0 cm" 3 ttSo MiiOHBTIt a*#"C**Ltf, HJfe 
fm 1 «r#JH-r * d fc ia 19 1« T- |5T**6% 
[0 0 9 71 

±fE<7>J: -) tc LT#^ti^$llii(OHBT(:ov^, ilfiliWC X^0 

9 0t&T-^(±MS (^2 0-3 Or) K;i3lt<&ffiT?*>»K SiSSTo = £j2 7'CtC:j3 
ttSte^Sg&a o t^^LTiL^i^^ (±^0^: (3) &&!&<7>Zt) o £tz^ 
fiftT j £8 5ttI^L, HJfeff^i.l fcHflMcS: (3) Cif), 85r©f^Tj 
Uistt^^T-^i5:^^9 0^^T-^Uov^T^:aiL^o 3£*£iEl 0i:ft, ft, *E9 
1 0*. 3 *«{c*t-r*^-*«ote^SE£-35 (fiP*>, lab-ac I / a 

c xi oo (%) ) ^-xm^n-f&mi -y ?m<Dm?-yFM / &m (bp^> i a e 

i-a b l/abX100 (%) ) ^-^^tl*ti-^^2^5 v ^i0^f/Fl^$ 

(EP*>, I a e 2 - a b I / a b x 1 0 0 (%) ) ^ffiftia b , a e i *3 «fc V s a e 2 
HftfELT ( ) rt^^-To 
[0 0 9 81 



j&^£%(^;%:20~30 o C, ftaffJ|-fi27°C) 















GaAs 


GaAs 


In y Ga-j — y P 


ln y ' Ga-| _ y » P 


No. 


a c (A) 


a b (A) 


a e i<A) 


a e2 (A) 


14 


5.654 


5.648 (0.11%) 


5.645 (0.05%) 


5.630 (0.32%) 



[0 0 9 9] 
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[1510] 



tt*m$H(m^^m. : 85°C) 















GaAs 


GaAs 


In y Ga-| — y P 


ln y ' Ga-j _ y ' P 


No. 


a c (A) 


a b (A) 


a e l(A) 


a e2 (A) 


14 


5.656 


5.650 (0.11%) 


5.647 (0.05%) 


5.632 (0.32%) 



[0 10 0] 

fH^ita b i3J:^'S2^5 ^lOf&T-^ik a e 2 a c > a b > a e 2 <7)M^£#§ 
/:t:^Wo ifc, ^-7i(:^t4i2x5 7^i(?)^S^$|±o. 3 2% 

. 0 5%t**o, 0. 1 %i;it-c&& 0 

[0101] 

<r>s<y K^> 7 7°) ic^;^ <W#LTv^or% ^ 1 -j fmvtfnZMWlzmiRirZ 
ZtizJ:*)^ PJrMVO Vmi!kZnM-?£, HBT<D#1±£iiiJ#1-£C£:^-e#£o Ml: 

T^-^Jg^tLTO. 3 %fc%BZ-Z>M$:'H~t Z> X 0 IZ Ltv^OT*, |2i5^ 

o 

[0 10 2] 

tfl 0 nmJilTtl-^ £ ttfiftt L^o iOjL^:#H57^i*i<t4t, fil 1 

5 v ?m&m2^< v 9m<Dm<n%m*%:rt%< mmm^^^h, hbt 

£#1, izay hv-)\/-t&z 1 tfx- S * v» -5 jS*** -5) o 
[0 10 3] 

[0 10 4] 

[0 10 5] 

[HI] *&W<7) 1 oO^i&M^j3lt^HBT<0^it^^, ffi^^fS]^^tr«B& 

[12] G a A sS^SlJSOG a A s Jf OC?#JK^#14?r^-t if 7 7t*5, 
[IH 3] 113 (a) isd;^ (b) f±, &5kW<Dl<o<7)mMMmz&if2>y-y-7frlio 
. 1 -4i3j:y f 5--7<7)HBTi;o^-C0isMtt^0^m^^^^;K^i-|Il-e^>^ 

o 

[134] fe^fc%t.<DUmfcft&£m-f77yX&t). (a) liGaAsi, ( b ) it 
CK-T-GaAsi (CIS 4 X 1 0 1 9 c m" 3 ) „ ( c ) f± I n y G a 1 - , 
Pif (y = 0. 46) , (d) UIn y Gai-y PJf ( y = 0 . 48) Of&^ifc 

[in 5] ? 1 ^(omfoxmiz&rtzHBTvmu&mmmx&Zo 

ime] H6 (a) JSJ:^' (b) it, *5tW<7) 1 ooHjfcB&IUistta-y-^-^N o 
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. 8-10*1^11-1 3 OH B T Cov^TOf gt^iO^^fn-fix^ti 
T?<fc -2) o 

[EI 7] ^5|5(7) 1 oof!)Hiott^HBTcomB&®fM[glT-^>^o 
[0 10 61 

100. 400 HBT (^fni^'^f-7F7>yX^) 

101. 401 mm 

10 2 M'7 7 7| 

1 0 3 , 4 0 2 t7n V ? 9m 
104, 403 uvt *?m 

1 0 5. 4 0 4 s<-^m 

106. 405 y ?m 

107, 406 uy 9 9 Ym 
10 8 ^ W f< y KJf 

109. 407 v -?m 

iioa t/i -y tmmTum) 

110b ^5 ^lS±gi5i 

110. 408 -x 5 y 9 

111. 4 0 9 

112.410 ^ti 
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imm^,] mm 



(a) 



108 



110a 



107 

105 ^ 



(b) 



(c) 



1 



109 



110a 



n/ 



110b 



111 vnj— - — [/ in 



r nob 

1,0 {no. 



106 



104 



-103 



102 



101 



105 



103 



101 



112 
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[El 2] 

0 



e -500 

$ -1000 
K- 

t -1500 



-2000 

1.00E+19 1.00E+20 1.00E+21 

C feJk(cm- 3 ) 
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[16] 

(a) 




10 ' 1 1 1 1 

1.7 1.8 1.9 2 2.1 

10- 3 /(Tj+273)(K _1 ) 




10 1 1 1 1 1 

1.7 1.8 1.9 2 2.1 

10- 3 /(Tj+273)(K~ 1 ) 
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10 ' ' 1 1 1 

1.7 1.8 1.9 2 2.1 

10- 3 /(Tj+273)(K- 1 ) 
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[Ml h b t zwug-rztzttxDWtftvmffite x zfm&xmz^^m.^ & z t%< 

. ^flittW^f ng^-/^ - 7 h 7 > ->'^ ^ (HBT) Zmfe-tZo 
IMfe^m 3l/^|i 0 4. ^-XJf 1 05*^^x57^11 06 £Hx.£^f- 
F7>y'X? (HBT) 10 0*. 31/^1104, ^-*Jf 1 0 5 
is X tfM.? y ?m 1 0 6 75 ? ^^^f§^7£ma c . ab iitfa. ^fn^iitL, a b 
a c &£V?a e <7)m<7)mt%Z£7iz (&Wttilt\ a c . a b & <t a e t5 ? a c > a b 
> a e Ztzli a c < a b < a e Of^^i/:t «£ n iz) f»J&-f £ 0 

[^m] mi 
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[IMIfi] 
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